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BZ ,T KNOW THAT CHARLES K. CHOI of 23 66 Korth San 
Benito Court. Cl.re.ont. CHrom,. 9 , 7U . Unlted 
•«-«.. of Africa, havin* Mde „. i nv .„tio„ entuiedf 

•Proc... and Apparatus for R . pld jy^.j. 
or Carbonaceous Material* 

the following di.clo.uro contain. . correct „, d ft , n 
de.cription or t„. lnv . ntlon of the ^ ^ 
to th. Mentor o f taking advantage or th. .... 

ABSTRaVr-r 

C.rbon.c.ou. .„ ^ ^ 

«f th. c.ro„„.c.o U . .. t . rlaI tanfi . ntl . Uy <# . 

ro.cti„„.. ep a P . tlon , on . ^ lntroduclne ^ Btre<u> o| . ^ ! 
P-r.icul.to .ourc. „r „e.t ^ tn . j 
^ration ,„„. at 8 , ^ t<> ^ ^ ^ 

t«vol or t ne c.roo nt „ou. ..t.ri.l so that ^ | 
e-ehan^e ne.t. a. cy clo n . ro. ctlon . 8epar . tlon ^ j 
i-uc. of eoll , u ^ th<( ! 

carbon containing solid residue of m™, . - 

U * or pyrolyais and particulate < 
»«t .ourc. rro. . vapor atp _ ^ j 

"on-condon.^. hydroearbon producta Qf | 

P " rtlCUl " t - "~ - — - ».« P-icuiat. carbon 1 
contains M . ldue of _ ^ j 

• cxclon. buraer ^ heat . d ^ ee-bustion ^ ^ , 

temperature suitable for f* - rf t 
ior r*«d to the cyclone reactor- } 

„. yi . ia „ J 

b0iU " 5 hydrocarbon, end olerin.. ' 
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Vhen the carbonaceous material la one likely to 
agglomerate or adhere to surfaces when being heated to 
pyrolysla temperature, for instance wh*:\ the Material 
is an aggloaerative coal, a higher velocity stream of 
the particulate heat source nay be Introduced 
tangentially into the cyclone reaction-separation zone 
to form a layer between the injected car'ocnacetus material 
and the walls of cyclone reaction-separation rone* 
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The increasing .carcity of fl uld fo8tl| 
-uch a. „n and natura, la cmualng ^ 

to be directed toward. convertin c .olid c.rbon.c.ou. 
-t.ri.1. , uch „ coal , oU ohalef <u]d aoUd VMte ^ 

liquid and g.s.ou. hydrocarbon, by pyro. y . lnff th . . olld 
carbonaceous ..t.rial. Typically, pyroly.i, occur, 
under »o»-oxidizl„g condition, in the pre..„ c . of . 
particulate .ource of heat. 

*> »»>• pa.t, pyroly.i. „„„ e-rpled ^ ^ 
tubular reactor.. Vhil. effective, the Tl . M of BldeI1 . 
boiling hydrocarbon., i... Cj hy drocarbo„. to hydrocarbon, 
h.ving . boiling end point of about 950«r( 5 10»C. ) ha. 

^ d " lred - *<>.. h .. b .. B . ttrtbuted 

to protracted eff.« lve ^ ^ ^ 

th,r„l cr.Ccing of .uch hydrocarbon.. A need e,,.t. 
therefore for a «,„ effi eW ^ 

"** 1 " 1 " S ** M °* th « filing hydrocarbon, 

vhich are u.eful f or the production of g. ao u ne . die . M 
fuel, heating oil, and the lik.. 

X» on. . 6p . ct th . lnvenUon provide8 ^ ^ 

the pyroly.!. c f carbonac.ou. ..teri.l. wherein the 

carbonaceous aateriai 4. < 

-serial i. primarily pyrolyzed by heat 

transferred thereto fro. . hlgb 

-did source of heat to yield a. product, of pyroly.u. 
• Phytic vapor lncludia<? condeMibie nonconden>ibie 

hydrocarbon. an d . particulate carbon-containing .olid 

r..idue. ch.r.ct.ri..d by tangentlaliy Introducing to 

Md pa88ln « "long » curved path in . 

F c " • cyclone reaction- 
"P«ratio» ,„„. . Btrea . of carbonaceoU(> ^ 

Producing to .aid cyclone re.ction-.eparation ,o». . 
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high temperature stream of the particulate solid source 
of heat, contained in a carrier gas which is non- 
dele ter iously reactive vith ret/ect to the products of 
pyrolyeis , at an angle inclined to the path of travel 
of carbonaceous material so as to penetrate and 
initiate pyro lysis of said carbonaceuj* notorial, the 
introduced quantity of particulate source of heat being 
sufficient to raise the carbonaceous material to a 
pyrolyais temperature of at least about 315°C, while 
simultaneously separating a gaseous mixture of the 
carrier gas and pyro lytic vapor from a solid* mixture 
Including the particulate sol'd source of heat and the 
carbon-containing solid residue by the action of 
centrifugal forces Induced, at least In part by the 
introduction velocltl s of each feed stream. 

Preferably the introduction velocity of each 
said stream is from about 100 ft (30m) to about 250 ft 
(76m) per second so that tl*e stream mix and rapltUty 
exchange heat within a suitably short contact time. 
However, as will be explained, in certain embodiments 
of the invention it may be desirable to introduce the 
said streams at velocities nearer to the lower end of 
this velocity range while another stream of particulr te 
solid heel source is introduced at a higher velocity 
for a purpose to be described. 

The pyro lysis temperature is preferably within 
the range 315°C to 1095°C but desirably does not 
exceed about 760°C. wnlle being at least about d80°C. 

The operating parameters are preferably so 
selected that the pyrolysls occurs in a contact time 
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ranging fro- .bout 0.1 to .bout 3 .econd., more preferably 
in a contact time of not more than about 1 second. 

Desirably the weight ratio of the particulate 
.olid aource of heat to c.rtonaceoua material 1. from 
•bout 2 to about 10. Depending upon the .elected value 
lor thi, ratio and othe-.- operating p«ra».ter.. the 
particulate .olid aource of heat -ay conveniently have 
a temperature ranging from 55 to about 280°C. above the 
pyrolyale temperature. 

In preferred embodiment., the aep.rated aolid. 
mixture obtained from the cyclone re.ction-.eparation 
•one i, „....„ to a cyclone COBbuatlon XOM lnto which 

a atre« of a ga.eou. aource of oxygea 1. introduced, 
the aollda mixture being introduced at an angle to thi. 
atream ao a, to heat the aolida mixture, the heated 
aolida mixture then being aepar.t.d and recycled to the 
cyclone re.ction-aeparation zone to aerve a. the 
particulate aource of heat. 

In preferred practice, the particulate aolida 
mixture obtained fro- the cyclone reaction-.eparatlon 
•one i. tranaf.rred to a fir.t .olid, collection zone 
wherein the particle, are maintained at lea.t partly 
fluidized, being withdrawn fro- thi. collection zone 
-nd pa.,ed through a fir.t fluidizing conduit to the 
"id cyclone combu.tion zone., the heated particle, 
obtained from thi. zone being fed to a a.cond .olid, 
collection zone from which they are tranaported 
through a eecond, vertically oriented, fluidized 
conduit to the cyclone r..cti,„-... p .r.tion zone. 

The aeparated gaseoua mixture 1. prefer-bly 
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ot "«« between Mld ^ 

de «nlng 8ald lo „ e «*teri al . ^ 

x « •«* e nbo<liBent8 
- — of carboMceous ^ ^ co nven , ently ^ 

-ou d source of he ; r ; ai - «. « m Mld 
~ eparatlon , one at lnto the < 

~ — where* 8aid - —r tha „ ^ 

»• -M , ddltienal 4b0ut « - Per .eco„ d . 

— « «- latroduced " J-t o f particulate ^ 

ln — lnt0 8aid ^ — - 8011d eource ot hMt - 

*«Pec iaUy wh 

— on , ene for ^ «. cyclene re _ 

" - - — of heat ls ~- - <fim , 

«• « te «„. re J ef -"y x„ troduced at an 

20 "ceou, ^ ^ Mth « the . treaa c , 9 el " 

In mother aspect th „ , 4 

a 7 one 8ep -— ctor havlng - M 9h ^ 

• low ve locity 8treaiB " 9 f-mtui flm ffied 

inI « for a carb °naceoua material * 

-t an Vel ° Clty °* the . * " eCOn£l 

a ; — ^ - the ta n3entl !; f — " ' ? 

•»< hereof f or r y " 18 "" d « «0U d8 0utle . 
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The invention also provides apparatus for carrying 
out the process. Thus in another aspect the invention provides 
apparatus for pyrolysis of carbonaceous material in the presence 
of a particulate source of heat, characterised by a high temper- 
ature cyclone separator- 
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reactor having a tangential feed Inlet for the 
carbonaceous material and a aecond Teed inlet for 
the particulate eource of heat at an angle Inclined 
to the tangential feed inlet, a vapor exhauet at one 
end thereof for removal of vaporized product e of . 
pyrolysis and a aolida outlet at tho oppo.ed end thereof 
for removal of the particulate solid source of heat and 
carbon containing solid product of pyrolyals, quench 
means coupled in open receiving relation to said vapor 
exhaust outlet and including means for Introduction 
of a hydrocarbon quench fluid for conden»ing at leant 
« portion of the high temperature vapors received fro. 
the vapor exhaust outlet, mean, connected to the quench 
means for fractional separation of condensate from the 
quench mean., Beana for r9c ^ iag the partlculato „,„ 
-ourc. of heat and carbon-containing solid product, of 
pyrolysis, said means including means to at least partly 
to fluidi*. the collected particles, mean, to transport 
the particulate solid source of heat and carbon-containing 
-olid product of pyroly.l. to said combustion «.ana, 
means to combust carbon contained in particulate solid 
source of heat and carbon-containing solid residue of 
Pyrolysis, receiving mean, to receive the particulate 
-olid aource of he*t from said cyclone burner, and 
»>ans to transport particulate .olid source of heat from 
said receiving mean, to the second feed inltt of said 
cyclone separator reactor. 

The said means for fractional separation of the 
condensate fro. the quench mean, include, mean, to 
cycle . po rtl on of . fractionally separated cond.n.at. 
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as quench fluid to said quench means. 

In another aspect the invention provides an apparatus for pyro lysis 
of a carbonaceous material in the presence of a particulate source of heat, 
characterised by a high temperature cyclone separation-reactor having a first 
tangential feed inlet for a high velocity stream of the particulate source 
of heat, a second tangential feed inlet defining a flow path substantially 
parallel to the flow path defined by the first inlet for a low velocity 
stream of carbonaceous material, and a third feed inlet for a low velocity 
stream of the particulate source of heat at an angle inclined to the first and 
second feed inlets, a vapor exhaust at one end of the cyclone separation- 
reactor for removal of vaporized products of pyrolysis and a solids outlet 
at the opposed end thereof for removal of the particulate solid source of 
heat and carbon containing solid products of pyrolysis. 

Preferably, the third feed inlet is inclined at an angle from about 
IS to about 40 degrees to the first and second inlets. 

i 

More preferably, the third feed inlet is inclined at on angle from 
about 15 to about 25 degrees to the first and second inlets. 

Preferably the second and third feed inlets are adjacent. 
The invention is further explained with reference to the accompanying 
20 drawings, in which: 

Figure 1 illustrates apparatus suitable for carrying out the process 
of this invention; 

Figure 2 is a diagrammatic top view of the cyclone reactor-separator 
of the apparatus of Figure 1; 

Figure 3 is a diagrammatic top view of a cyclone burner; 

Figure 4 is a diagrammatic elevation of a modified cyclone reactor- 
separator that may be utilised in certain embodiments of the invention; 

Figure S is a sectional view on line 5-5 of Figure 4; 
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and 

FIGURE 6 la a aectlonal view on line 6 6 of 
Figure 4. 



According to the preeent invention* there ia 
provided a proceee for the pyrolyaia of liquid and 
solid carbonaceoua materials which nay be ueed to 
maximize the yield of middle dietillate hydrocarbona 
by estremely short pyrolyaia contact tlmea and apparatus 
therefore. 

The carbonaceoua materials which my bo pyrolyzed 
in accordance with the preeent invention include solids 
such as agglomerative coa.'s, nonagglomerative coals, tar 
sands, shale, oil shale, the organic portion of solid 
wastes and the like and liquids auch aa shale oils, 
tar sands oils, heavy refinery hydrocarbona and the 
heavy hydrocarbona which reault from the pyrolyaia 
operationa as well aa mixtures thereof. Fora>lids t it 
is desirable to limit particl- size to about 1000 microns, 
and to about 250 microns for the instance of agglomer- 
20 ative coals. 

Referring first to Figures 1 and 2, carbonaceoua 
material entera a feedline 10 along with, if neceaaary, 
a carrier gaa 12 and, if desired steam, to a venturi 
«ixer 14. If desired, the heavy hydrocarbon pyrolyaia 
product* may be combined with the feed and added by line 
15. The carrier gaa, if employed, ia nondeleterioualy 
reactive with reapect to the product a of pyrolyaia. By 
the term "nondeleteriously reactive- as applied to the 
carrier gaa or gaa etream, there ia meant a gas 
substantially free of free oxygen but which may contain 
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constituents which react with the pyrolysis products to 
upgrade their valur. The gas should not, however, 
have constituents which by reaction dograde the 
pyrolysia products. The gas can serve as a diluent 
to minimize pyrolysis contact time and in the instance 
of solid carbonaceous materials it can serve as a 
transport gas. The carrier gas may, for instance, be 
the inert off-gas product of pyrolysia, steam which will 
react under suitable conditions with the char or coke 
formed from pyrolysia to yield hydrogen, by a water-gas 
ahift reaction, which serves to react with and stabilize 
unsaturated products of pyrolysis, or any desired inert 
gas or mixtures thereof. 

As best shown in Figure 2, the carbonaceous feed 
and the carrier gas, if present, are injected as a 
etream into a cyclone reactor-separator 1*, tangent ially 
to the walls thereof. Venturl mis-.r Ik serves to 
intimately mix the carbonaceous feed w« th the carrier 
gas to enhance dilution of the feed and so promote 
short reaction pyrolyeia tiroes. 

Simultaneously, there is introduced a particulate 
solid source of heat, through a line 1«, at an angle 
inclined to the path of travel of the stream of 
carbonaceous material. The solid particulate source of 
heat is transported into the pyrolysis ronctor by a 
carrier gas which may be the same or different from the 
gas carrying the carbonaceous feed into the pyrolysis 
reactor, although it will be at a temperature approx- 
imately equal to the temperature of the particulate 
solid source of heat. 
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The hot particulate solids are supplied at a 
rate and at u temperature consonant with main in 5 *g 
a temperature along the vails of the cyclone reactor 
separator 1*» suitable Tor pyrolysis. Pyrolysis will 
initiate at about 600°I\ (315°C.) but rht- pyrolysis 
temperature may range up to the softening tomperature 
of the inorganic constituents of the particulate source 
of heat or the carbonaceous feed, higher temperatures 
leading to slagging or fusion. Preferably the pyrolysis 
temperature ranges from 600 to about 2000°F, (l095°C.). 
More typically * however, pyrolysis Is conducted at a 
temperature from about 600 to about lfcCO°F. (760°C.) 
and preferably in the range 900 to about l-«00 o F. (*t80- 
76o°C.) to maximize the yieli of middle ..oiling hydro- 
carbons and olefins. Higher temperatures may be 
employed. vlth equal ease to facilitate, where desired, 
gasification reactions* 

Depending upon pyrolysis temperature, normally 
from about 2 to about 20 parts by weight of particulate 
solid source of heat arc fed per part of carbonaceous 
material entering the reactor l6. The solids employed 
may be solids from a source external to the process* 
such as sand, or may be the solid product resulting from 
pyrolysis of the carbonaceous material such as char or 
coke or, in the instance of municipal solid waste, the 
glass-like inorganic residue resulting from the decarbon* 
ization of the solid residue of pyrolysis* The 
particulate source of heat is generally at a temoerature 
from about 100 to about 500°F. (55-280°C.) above the 
desired pyrolysis temperature. 
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The streams of particulate solid source of heat, 
and of carbonaceous material, respectively, preferably 
both have a velocity vlthin th* range 100 to 250 feet 
(30 -7 6m) per second. 

The amount of gas employed to transport the solid 
carbonaceous material and the particulate source of heat 
is sufficient to maintain transport of the materials 
and avoid plugging and normally in excess of that amount 
to dilute materials and minimize pyrolysls contact time. 
Normally, the solids content will range from about O.l 
to about 10?t by volume based on the total volume of the 
stream. 

The particulate solid source of heat penetrate* and 
enters the stream of carbonaceous material. This 
penetration initiates the rate of heat transfer from 
the particulate solid sojrce of heat to the carbonaceous 
mat-rial, instantaneously causing pyrolysls which is a 
combination of vaporization and cracking reactions. 
As the vaporization and cracking reactions occur, 
20 condensible and non-condensible hydrocarbons are 

generated from the carbonaceous material with an 
attendant production of a carbon containing solid 
residue such as coke or char. The carbon containing 
solid residue and the particulate source of heat being 
the heaviest materials present are retained and pass 
spirally along the walls of the cyclone reactor 
separator 16 and settle to reservoir 17 at the base 
thereof. The carrier gas as well as the pyro lytic 
vapors separate in spiral vortex flow towards the 
centre of the cyclone reactor separator 16 and rapidly 
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ten.in.te the p rllMrv pvTolyal , ^ ^ ^ 

•fence ,f .. lldj . Effective pyrolysia eontact 

be le.. than 3 second.. pref. r . blv fro(B about 
0.1 to 1 8 . coad , prwferably froB ^ 

0^6 •ecand. 

"Pvrolv.i. contact t loe - or -contact tl.e- .. 
r0reP " nCed *° " — Man9 the 

tl- fro. v„.„ t „e carhon.c.ou. ..teri.l fjj8t eo „ taeta 
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P- d uct. .. p .„t. _ the partlculate ^ ^ 
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«-t. r M d 0. 5 .econd. for particle, or 75 Blcrona 
in diameter* 

carrier ,.. .Ion* tfltn tha ^ 
reactor 16 an d enter . venturl ^ 2Q ^ 
-e contacted vith . ,„e„ch fluid to reduce 
t-perature at l.a.t b .i ov pyroly . ia ^ . 
te.p.r. tU re. to prevent toh , r _ 
-ccurrl^. tnUnMTt ^ quench nuid ^ 

te-.per.ture. helo. the d.„ p.^ of ^ ^ 

rr 0 "" ^ iC -" y ' — - - conden.ed 
— i.r hydrocarhon. f_ d fro. the p^. 



1108545 

0 

is employed as a quench fluid and Ted to the venturi 
mixer 20 by line 2d* Immiscible quench oila may also 
be used and when used are separated from the products 
and recycled to venturi mixer 20. 

The quench effluent, normally a mixture of gas and 
liquids, is fed to a fractionating tover 22. In the 
fractionating tower 22, the ca-iier gas and lighter 
hydrocarbons are separated from the middle distillate 
hydrocarbons which are, in turn, separated from heavy 
hydrocarbons. Normally, the gasewus cut, containing 
10 about hydrocarbons and less, exit the top of the 

fractionating tower 22 by line 26. The cut of about 

to hydrocarbons having an end boiling point of about 
950°P* (510°C.) which constitutes gasoline, dieael and 
heating fuel components. Is separated as middle 
distillate hydrocarbon products in line 28. A portion 
may be cooled and recycled as reflux. 

The heavy hydrocarbon residue exits the base of 
fractlonator 22 and is cooled. One portion is recycled 
as reflux, another as quench and the balance, if not 
20 recovered, as a product returned to cyclone reactor 

separator 16 to be pyrolyzed to extinction. 

Because of short residence time and at pyrolysis 
temperatures below about l400°F. (760°C.) the amount 
of hydrocarbons plus the carbon-containing solid 
residue of pyrolysis will be a minimum while the C 
to 950°F. (510° c .) boiling end point fraction will be 
maximized. The and lower hydrocarbons will tend 
to be rich in olefins if hydrogen is not added to or 
generated in the cylone reactor- separator 16. The 
30 amount of or less hydrocarbons 
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generated will increase with pyrolysis temperature 
and pyrolyaio contact time* 

The presence of hydrogen during pyro lysis, 
whether internally generated or externally supplied, 
la desired to enhance stabilization of the hydrocarbons 
formed, particularly the heavier hydrocarbon to prevent 
their polymerisation to tars* 

The particulate carbon-containing solid residue 
of pyrolysis and the particulate solid source of heat 
exit the reservoir 17 and pass by a line 30 and 
collected in a fluidlzed stripper 32* A flow of a 
carrier gas which is also non-deleterious ly reactive 
with respect to the products of pyrolysis enters the 
base of stripper 32 to maintain the solids in a mixed 
condition and in at least a semi-fluidized state* A 
flap 3*» on the leg 30 prevents backflow of the gas into 
the cyclone. Rather, the gas is bypassed around cyclone 
react or- separator 16 through a conduit 36 for combin- 
ation with the feed* The gas serves to remove any of 
the hydrocarbon oils which result from pyrolysis from 
the surface of the particles and return them to the 
system for further pyrolysis. 

The cooled particulate sourco of heat and the 
carbon-containing solid residue of pyrolysis are passed 
through a slide valve 38 and transported along an angle 
riser 40 and a vertical riser k2 to a combustion cone, 
preferably a cyclone burner kk 9 the cross section of 
which is depicted in Figure 3* The cyclone burner may 
be operated in conjunction with an identical cyclone 
burner 46 or a imply a cyclone separator for fines. If 
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other combustion apparatus arc used, a cyclone separator 
la employed to separate flue gases from the particulate 
source of heat* 

Combustion cyclone Uk operates in a manner 
substantially identical to cyclone reactor-separator 16. 
The transport gas used to carry the particles to eye) one 
burner kU may be air or flue gas, with the balance of 
the combustion air injected tangentially through a line 
48. As shown in Figure 3t the solids penetrate the 
air stream at an angle and rapidly undergo oxidative 
combustion. The heavier particles rapidly pass through 
the air stream, so that effective combustion residence 
time is short, ranging from about 0,1 to about 0.6 second. 
As a consequence, even despite the fact that excess air 
is supplied, the effective residence time for combustion 
is short. As a result the amount of carbon dioxide 
generated will be maximized, as the faster carbon 
dioxide reaction rate is favoured as compared to the 
slower carbon monoxide reaction rate. As a consequence, 
the amor in t of heat generated per unit of carbon consumed 
is maximized. In general, partial combustion will yield 
a fluo gas having a CO^ to CO ratio of about 2 to 1. 

The gases and fine solids which elude recovery 
from cyclone kk enter cyclone 46 where additional 
air may be added, the cyclone 46 also preferably having 
the form depicted in Figure 3 for short contact time 
combustion. Alternatively, a simple cyclone separator 
may be employed* The high temperature particulate source 
of heat collected in cyclones 44 an<T 46 passes by 
at and pi pes 46 and 50 to a surge hopper 52* Sarge hopper 



1108545 



52 in maintained at a temperature consonant vlth the 
operating temperature of the pyrolysls reactor 16 and 
generally from about 30O to about 500°F. (l65-280°C) 
above the "pyro 1 y s 1 t empe ra ture • 

As required* the particulate source of heat is 
passed through a standpipe 5**, slide valve 56, angle 
riser 58 to the vertical riser 18 Tor feed to cyclone 
reactor-separator 16. I'xcess' particles are withdrawn 
from surge hopper 52 through a screen siphon tube 60 
as product char. 

A gas which may be steam that becomes superheated 
by contact with the contained particulate source of 
heat and forms hydrogen by a water gas shift reaction, 
enters the surge hopper 52 and passes through a pass 
line 62 for feed to the cyclone kk and cyclone 46 as 
part of the carrier gas* The use of the gas, however* 
is contingent on complete consumption of oxygen in 
cyclone kk and 46 as the gas entering pyrolysls cyclone 
reactor-separator 16 must be substantially free of oxygen. 

The transfer gas in the vertical riser 18 serves 
to accelerate the particulate source of heat to the 
velocity required for feed to cyclone reactor separator 
16. 

As has been mentioned, certain carbonaceous 
materials, especially agglomerative coals, pass through 
a tacky state upon being heated to pyro lysis temperatures 
so that particles thereof at temperatures within a 
certain range tend to adhere to ar.d build up on any 
surfaces with which such particles may come into contact. 
Such a surface is the curved wall of a cyclone reactor- 



- 17 - 



^06545 



,.» lve coal». %n „*„r-aeparator 
of aggl— " tlV . eyel on. reactor 

t . a cyclone reactor 
coals- * illustrate • 

Figure. *• 6 11 . . e . lly orlenf" 

Thus, Fls" - 0 vertically 

,. 0 con."* 11 * ° f ^ .ectlo- 

vn le* fee- • ^ wbleb prefera^y 

exhauat conduit 120. ^ „ ut 

A VaP ^ extend* fro- the 

vl tb «* ^ tM cyUnd rlcal -i» ^ 

15U of t*» e c> 128 »» d 

tn rou 6 n the top 1* . ld . Inlet. I*. 

^reare — ^ , f — ^ 

, ee tlo». u u 7 and i» *» 

12 B. al.o tan^entl^ , trM . of 

1. -t.»- - • ~ aecond f ..d ml-* I- 
^naceoua— ; it(twf ,,^- 
d . fl n..a f lo-P-^ hirdf .. dln l.t n«>- 

intended for a *.l 



30 



18 



«o Urce 

— . .„ terln ; t ;° — . ... 

° U<rh "-rx r . t • ato, "«^ 

" trt ««r j« *• *• Intro,,, 

b ° V * >»»• ^ " 



1108545 

the velocity of the stream 132 preferably being leas 
than about 200 feet (6lra) per second. This ensures 
that the carbonaceous material Is separated from the 
Inner surface of the vail 1 36 by a layer or the 
higher velocity stream of the particulate source of 
heat. Thus, tue higher velocity atreaoi has greater 
momentum and thereby preferentially trsvels along the 
inner wall 136 of the cyclone reactor-separator. The 
carbonaceous material preferably has a velocity of at 
least 100 feet (30m) per second so that; sufficient 
centrifugal forces are induced in the particles in this 
stream to effect a separation of the gaseous products 
of pyrolysis and the carrier gas from the solid 
products of pyrolysis and the particulate source of heat. 

The carbonaceous material travels along the flow 
path 138 marked by signs 39 shown in Figure 5. This 

path is closer to the central vertical axis than of the 
flow path 133 of the higher velocity stream 132 of the 
particulate source of heat. 

The carbonaceous material may be treated before 
it is fed to the cyclone reaction separation zone by 
processes such as removal of inorganic fractions by 
magnotic separation and classification, particularly in 
the case of municipal solid waste. The carbonaceous 
material also can be dried to reduce its moisture content. 
The solid carbonaceous material usually is comminuted to 
increase the surface area available for the .pyrolysis 
reaction* 

Simultaneously with the introduction of the 
carbonaceous material and the higher velocity stream of 
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the particulate source of heat, a lower velocity stream 
1^0 of the high temperature particulate source of heat 
is introduced into the cyclone reactor-separator 110 
through the third inlet 130 which la adjacent to the 
inlet 128 for the carbonaceous material and inclined at 
an angle to the path of travel 138 of the carbonaceous 
material. 

Both the lower velocity r.nd the higher velocity 
streams of the particulate source of heat may be 
transported into the pyrolysis reactor by a carrier gas 
nondeleterlously reactive with respoct to pyrolysis 
product. The gas may be the same as or different from 
the gas carrying the carbonaceous feed into the 
pyrolysis reactor, although this carrier gas would 
preferably be at a temperature approximately equal to 
the temperature of the particulate solid source of heat. 

Because the lower velocity particulate solid source 
of heat enters the pyrolysis reactor 110 at an angle 
inclined to the path 1?8 of travel of the carbonaceous 
material, It penetrates the path of the carbonaceous 
material, as shown by dotted line 1*»2 in Figure 5. This 
penetration Initiates heat transfer from the particulate 
solid source of heat to the carbonaceous material, 
causing pyrolysis which is a combination of vaporization 
and cracking reactions. As the vaporization and 
cracking reactions occur, condensible and noncondenalble 
hydrocarbons are generated from the carbonaceous material 
with an attendant production of a carbon-containing solid 
residue such as coke or char. The carbon- containing 
eolid residue and the particulate source of heat being the 
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heaviest materials present are retained and pass spirally 
along the vails of the cylindrical main body 112 and 
eone section Ilk of the cyclone reactor-separator 110, 
pass through the reservoir 116, and are discharged 
through the dipleg outlet 118. The carrier gas as veil 
aa the pyro lytic vapors separate In spiral vortex Mow 
towards the centre of the cyclone reactor-separator 110 
as shovn by line 119 in Figure 5» and rapidly terminate 
the primary pyrolysls reactions due to the absence of 
solids* 

The lover velocity stream of the particulate source 
of heat preferably has a velocity approximately the same 
as that of the carbonaceous material , I.e. from about 
100 to about 200 feet (30-6lm) per second. If its 
velocity is greater than about 200 feet (6lm) per 
second, the lover velocity particulate source of heat 
tends to carry a portion of the carbonaceous material 
up againat the vails of the cyclone reactor-separator, 
and this may lead to coking. At velocities less than 
about 100 feet (30m) per second, there may be in- 
sufficient momentum to effect a good separation of 
vapors from solids in the cyclone reactor- separator. 

Although the streams of carbonaceous material 
13^ and the particulate source of heat 1**0 introduced 
through the second Inlet 128 and third inlet 130 
respectively, have been described as "lov velocity", 
vhat Is meant is that their velocity Is lov as compared 
to the higher velocity stream 132 of the particulate 
source of heat Introduced through the first inlet 126. 
The preferred minimum speed for streams 13I1 and 1*10 Is 
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about 100 feet (30m) per second. 

The distribution of the particulate source of heat 
between the high and low velocity streams 132 and IdO 
is a balance between two competing considerations. First, 
if less than about 10* of th* particulate source of heat 
is used In the higher velocity stream, an inadequate 
layer of hot nonagglomerative particles is formed along 
the reactor inner wall 136 and thus carbonaceous material 
can agglomerate along the walls. Therefore it is 
preferred that at least 10% of the particulate source of 
heat be contained in the higher velocity stream 132. 

The second consideration is the necessity of 
providing a sufficient amount of the particulate source 
of heat in the lower velocity stream 132 to raiae the 
temperature of the carbonaceous material to the desired 
pyrolyeis temperature. Only a limited amount of heat i, 
transferred from the higher velocity stream to the 
carbonaceous material, and this is primarily due to heat 
transfer by convection and radiation. Therefore, 
preferably at least 5 0* of the particulate source of 
heat is included in the lower velocity stream, and more 
preferably from about 7 0 to about 80%, that is, the 
higher velocity stream 1 3 2 amounts to 20-30% of the 
total particulate solid source of heat Introduced into 
the cyclone reactor-separator. 

The solids mixture 1*8 discharged from the bottom 
outlet 118 of the cyclone reactor-separator 110 contain, 
particulate solid source of heat and the carbon- 
containing solids residue. The solids residue may be 
used as the particulate source of heat by at least 
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partially oxidizing It in the pre.ence of . eource of 
oxyeon such aa uir and recycling it back to the 
pyrolysia reactor 110. using for inatance an arrangement 
aa deacribed in connection with Figure 1. 

The ga. stream 1 5 0 exiting the top outlet U 2 f ronl 
the pyrolyais reactor 110 contains pyrolytic vapors 
comprising hydrc .arbona, carrier eaoea, and undesirable 
componenta such as hydrogen sulfide which may be 
generated in the pyrolysia reaction. The volatilized 
hydrocarbons produced by pyrolysia consist of 
condenaible hydrocarbons which may be recovered by 
aimply contacting the volatilized hydrocarbon, with 
eondeneation neons, and noncondensible hydrocarbons 
auch aa methane and other hydrocarbon gases which 
are not recoverable by ordinary condenaation mean,. 
Condenaible volatilized hydrocarbons can be separated 
and recovered by suitable recovery oeana for inatance 
aa described in connection with Figure 1. The un- 
desirable gaseous products can be removed from the 
uncondensible hydrocarbons by conventional oeana such 
a. chemical scrubbing. Remaining uncondensed hydro- 
carbon, can be sold as a product gas stream and can be 
utilized a. the carrier ga. for carrying the carbonaceous 
-aterial and the particulate aource of heat to the pyrolyai. 
roactlon-aeparatlon zone. 

Although the higher velocity stream 1 3 2 of the 
PM-tlculate source of heat has been described a. being 
introduced tangentially into the cyclone reactor-separator, 
this atream may be inclined at a small angle relative 
to the wall of the cyclone. However, if the higher 
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velocity stream 132 la inclined toward Che cyclone 
walls, increased erosion of these walls results, whereas 
if it is introduced inclined away from the cyclone walls, 
it tends to do a poorer Job of keep carbonaceous 
material away from the walls of the cyclone* Similarly, 
the stream 13** of carbonaceous material does not have 
to be introduced strictly parallel to stream 132, However, 
it is undesirable to introduce the carbonaceous material 
in a path inclined towards the walls of the cyclone since 
this increases the chance of carbonaceous material 
caking on the wall. On the other hand, if the carbon- 
aceous material is inclined towards tlie centre of the 
cyclone, this results in greater penetration of the 
carbonaceous material by the lower velocity stream of 
the particulate source of heat with potentially 
better heat transfer between these tv--» streams, at the 
expense of increased pyrolysis time by reducing the 
effectiveness of solids/gases aioaration. 
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THE EMBODIMENTS Of* THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PR I VE LEGE IS CLAIMED ARE DEFINED AS FOLLOWS S 



1. A process for the pyrolysis of carbonaceous 
materials wherein the carbonaceous material is primarily 
pyrolyzed by heat transferred thereto from a high 
temperature, particulate solid source of heat to yield, 
as products of pyrolysis, a pyrolytlc vapor including 
condenaible and noncondenaible hydrocarbons and a 
particulate carbon-containing solid residue, comprising! 

(a) +angentially introducing to and passing along 
the path formed by the cu/vad inner surface of a cyclone 
react ion- separation zone having a vapor outlet at one end 
and a solids outlet at the base thereof, a stream of 
carbonaceous material, while j 

(b) introducing to said cyclone reaction separation 
cone a high temperature stream of the particulate solid 
source of heat contained in a carrier gas which is non- 
deleteriously reactive with respect to the products of 
pyrolysis at an angle inclined to the path of travel of 
carbonaceous material to penetrate and initiate pyrolysis 
of said carbonaceous material, the Introduced quantity 

of particulate source of heat being sufficient to raise 
the carbonaceous material to a pyrolysis temperature of 
at least about 600°F. while simultaneously; 

(c) separating a gaseous mixture of the carrier gas 
and pyrolytic vapor from a solids mixture including the 
particulate solid source of heat and the carbon containing 
solids residue by the formation of flow patterns of each 
of the action of centrifugal forces induced, at least 

In part by the introduction velocities of each feed stream. 
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2. The process of claim 1 In which the introduction 
velocity of each stream is from about 100 to about 250 
fet t per second, 

3. The process of claim 1 in vhich the pyro lysis 
temperature is from about 600 to about 200O°F. 

4. The process or claim 1 in vhich the pyro lysis 
temperature is from about 600 to about l4DO°F. 

5. The process of claim 1 in which the pyro lysis 
temperature is from about 900 to about; l40O°F. 

6. The process of claim 1 in which pyrolysis i 8 
carried out in a contact time of from about 0.x to about 
3 seconds* 



7. The process of claim 1 in which pyrolysia is carried 
out In a contrct time of from about 0.1 to about 1 second. 

8. The process of claim 1 in which the weight ratio 
of particulate solid source of heat to carbonaceous 
material is from about 2 to about 20. 

9. The process of claim 1 in which the particulate 
source of heat is introduced at a temperature from about 
100 to about 5 00°F. above the pyrolysis temperature. 
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10* The process of claim 1 In combination with the 
steps oft 

(a) passing solids mixture to a cyclone combustion 
rone in which a stream of a caserns source of oxygen 

is tangentlally introduced to the cyclone combustion 
rone and the solids mixture at an angle inclined thereto 
to h*»at the solids to a temperature for introduction to 
the cyclone reaction separation zone; and 

(b) separating the heated solid mixture from the 
cyclone combustion zone at the high velocity, high 
temperature particulate source of heat to vhe cyclone 
reactor iepar.itor« 
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11* A process of the pyrolyais of carbonaceous 
materials which comprises! 

(a) tangential ly Introducing to and passing 
along the path formed by the curved inner surface of a 
cyclone reaction-separation zone having a vapor outlet 
at one end and a solids outlet at the opposed base 
thereof, a stream of carbonaceous material whiles 

(i) introducing to said cyclone 
reaction separation zone a high 
temperature stream of a particulate 
•olid source of heat contained in a 
carrier gas which is non-deleterlously 
reactive with respect to products of 
pyrolyais at an angle inclined to the 
path of travel of said stream of 
carbonaceous material to penetrate and 
initiate pyrolyais of said carbonaceous 
material, the quantity of particulate 
source of heat introduced being 
sufficient to raise the carbonaceous 
material to a pyrolyais temperature 

of at least about 6oo°F, to yield a 
pyrolytic vapor comprised of condenslble 
and normally noncondenslble hydrocarbons 
and a particulate carbon-containing 
solid residue while simultaneously; 

(ii) separating a gaseous mixture of the 
carrier gas and pyrolytic vapor from a 
particulate solids mixture of the 
particulate solid source of heat and 
the carbon-containing solid residue by 
the formation of separate flow patterns 
of each, the flow pattern created by 
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centrifugal forces induced at least 
In part by the high introduction 
velocities of each feed stroaut 

(b) withdrawing the gaseous mixture from the vapor 
outlet of the cyclone separation-reaction zone receiving 
the condensible hydrocarbons, and separating from the 
condensed, hydrocarbons a light hydrocarbon fraction; 

(c) withdrawing from the solids outlet of the 
cyclone reaction-separation zone the particulate solids 
mixturt and transferring said particulate solid 
■izture to a first solids collection zone wherein the 
particles are maintained .i dense fluiUized ctate; 

(d) withdrawing f?.om the first particles collection 
zone at least a portion of the particulate solids mixture 
and transporting the particulate solids mixture to a first 
Inlet of a cyclone combustion zone, aaid first inlet being 
inclined to a second inlet through which a stream of a 
source of oxygen is tangentially introduced and rapidly 
combusting at least a portion of the carbon in the 
particulate solids mixture by impinging the particulate 
solids mixture into the flow of the source of oxygen 
entering zone to form the high temperature particulate 
solid source of heat and a flue gas; and 

(e) removing the high temperature particulate 
solid source of heat fram the cyclone combustion zone 
and tranportlng the particulate solid source of heat to 
said cyclone reaction-separation zone. 
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12. A process as claimed in claim 11 in which the 
condentable hydrocarbons are recovered byt 

(a) passing the gaseous mixture to a venturi 
quench zone where by introduction of a quench fluid, 
the condensifcle hydrocarbons are condensed to yield 
a gaseous residue | 

(b) passing the quench fluid, condensed hydro- 
carbons and gaseous residue to a fractional separation 
zone i 

(c) separating In the fractional separation zone 
the gaseous residue from the condensed hydrocarbons 
and the condensed hydrocarbons into a middle distillate 
light hydrocarbon fraction and a heavy hydrocarbon f*action| 
and 

(d) recovering the light hydrocarbon fraction as 
product and passing at least a portion of the heavy 
hydrocarbon fraction to the venturi quench zone as the 
quench fluid. 

13. The process of claim 11 in which the introduction 
velocity of each stream is from about 100 to about 250 
feet per second. 

14. The process of claim 11 in which pyrolysis 
temperature is from about 600 to about 2000 0 F. 

15. The process of claim 11 in which the pyrolysis 
temperature is from about 600 to about 1*»00°F. 
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16* The process of claim 11 In which the pyrolysls 
temperature Is from about 900 to about lt»00°F« 

17. The process of claim 11 In which pyrolysls la 
carried out In a contact time of from about 0,1 to about 
3 seconds* 

16. The process of claim 11 In which p> >lyais is 
carried out In a contact time of about 0.1 to about 
1 second. 

19* The process of claim 11 in which the weight ratio 
of particulate solid source of heat to carbonaceous 
material is from about 2 to about 20* 

20. The process of claim 11 in which the particulate 
source of heat Is Introduced at a temperature from about 
100 to about 500°F. above the pyrolysls temperature. 
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21. A proceea for the pyroly,ia of carbonaceous 

materials which comprises! 

(a) tangentially introducing to and passing along 
the path formed by the curved inner aurface of a 
cyclone reaction-separation zone having a vapor outlet 
at one end and a solids outlet at the opp J8 ed base thereof, 
a stream of carbonaceous material while i 

(i) introducing to said cyclone reaction- 

separation zone a high temperature stream 
of a particulate solid source of heat 
contained in a carrier gaa which ia non- 
deleterioualy reactive with respect to 
products of pyrolyeis at an angle inclined 
to the path of travel of aald stream of 
carbonaceous material to penetrate and 
initiate pyrolyaia of aaid carbonaceoua 
material, the quantity of particulate 
heat aource of being aufficient to raise 
the carbonaceous material to a pyrolysis 
temperature of from about about 600° to 
about XkO0°r within about 0.1 to about 
3 seconds, to yield a pyrolytic vapor 
comprised of condenaible and normally 
noncondensible hydrocarbons and a partic- 
ulate carbon containing solid residue, 
while simultaneously) 
UO oeparating a gaseous mixture of the carrier 

ess and pyrolytic vapor from a particulate 
solids mixture of the particulate aolld 
•ource of heat and the carbon-containing 
•olide residue by the formation of separate 
flov patterns of each, the flow 
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patterns created by centrifugal forces 
Induced at least In part by th« high 
Introduction velocities of each feed 
streani 

(b) withdrawing the gaooous mixture from the vapor 
outlet of the cyclone separation-reaction zone and 
Introducing the gaseous mixture to a quench zone where 
the hydrocarbons are condensed by contact with a quench 
fluid to have a gaseous residue \ 

*(c) passing the effluent from the quench zone to 
a fractional separation zone vMreln the gaseous residue 
is separated from the condensed hydrocarbons and the 
condensed hydrocarbons fractionated into a light hydro- 
carbon product ind heavy hydrocarbons at least a portion 
of which is recovered as quench fluid | 

(d) withdrawing from the solids outlet of the 
cyclone reaction-separation zone the particulate solids 
mixture and transferring the particulate solids mixture 
to a first solids collection zone wherein the particles 
axe maintained in a dense fluidlzed states 

(e) withdrawing from the first particles collection 
zone at least a portion of the particulate solids mixture 
and passing the particulate solids mixture through e first 
fluidlzed conduit to a first inlet of a cyclone combustion 
zone, said first inlet being inclined to a seoond inlet 
through * stream of a gaseous source of oxygen tangent ially 
Introduced | 
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(r) rapidly combusting at least a portion of 
the solids mixture and particulate carbon in the 
cyclone burner by impinging the particulate eolids 
mixture into the stream of the gaseous source of oxygen 
entering said cyclone combustion zone to form the high 
temperature particulate source of heat and a flue gas, 

(g) removing the high temperature particulate solid 
source of heat cyclone from the combustion rone to a 
second particles collection rone, and 

(h) withdrawing from the second particles collection 
*one a portion of the high temperature particulate 

solid source of he.t to a second vertically oriented 
fluidix.d conduit and transporting ..id high te-p.r.tur. 
peculate solid source of he.t to ..id cyclone reaction- 
separation cone. 

22. The process of claim 21 m vhlch the lntPoductlon 
velocity of each stream l. from .bout 10O to about 2 5 0 
feet per second. 



23. The process of claim 21 in which the pyroly.is 
temperature is from .bout 900 to about 1«.00°F. 

24. The process of c ,.i B 21 ln wnich ^ contact ^ 
is from about 0.1 to about 1 second. 

23. The process of claim 21 in which the weight ratio 
of particulate solid source of he.t to carbonaceous 
material is from about 2 to about 20. 

26. Th. pr„ cea8 of clatn M ^ ^ ^ 

•cure, of heat i. introduced at . tem P . ratu re from about 
100 to about 5 00«r above the P yr„ lyellI tOM?eraturo< 
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27. Apparatus for pyrolysis of carbonaceous material in the 

presence of a particulate source of heat which comprises: 

(a) a high temperature cyclone separator-reactor having 
a tangential first feed inlet for a low' velocity stream of carbon- 
aceous material, and a second feed inlet for a low velocity stream 
of the particulate source of heat at an angle inclined to the 
tangential feed inlet, a vapour exhaust at one end thereof for 
removal of vaporized products of pyrolysis and a solids outlet 

at the opposed end thereof for removal of the particulate solid 
source of heat and carbon-containing solid product of pyrolysis; 

(b) quench means coupled in open receiving relation to 
said vapor exhaust outlet and including means for introduction 
of a hydrocarbon quench fluid for condensing at least a portion 
of the high temperature vapors received from the vapor exhaust 
outlet; 

(c) means connected to the quench means for fractional 
separation of condensate from the quench means; 

(d) means for receiving the particulate solid source 
of heat and carbon -containing solid products of pyrolysis, said 
means including means to at least partly fluidize the collectel 
particles; 

(e) means to transport the particulate solid source of 
heat and carbon-containing solid product of pyrolysis to said 
combustion means; 

(f) means to combust carbon contained in particulate 
solid source of heat and carbon-containing solid residue of 
pyrolysis; 

(g) receiving means to receive the particulate solid 
source of heat from said cyclone burner; and 

(h) means to transport particulate solid source of 
heat from said receiving means to the second feed inlet of said 
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cyclone separator-reactor. 



28. Apparatus as claimed in claim 27 further comprising a 
tangential second feed inlet for a high velocity stream of the 
particulate source of heat defining a path substantially parallel 
to the flow path defined by the first feed inlet. 

29. Apparatus as claimed in claim 27 or 28 in which means 
for fractional separation of the condensate from the quench means 
includes means to cycle a portion of a fractionally separated 
condensate as quench fluid to said quench means. 

30. Apparatus for pyrolysis of carbonaceous material in the 
presence of a particulate source of heat which comprises: 

(a) a high temperature cyclone separator-reactor having 
a tangential first feed inlet for the c-rbonaceous material and a 
second feed inlet for the particulate source of heat at an angle 
inclined to the tangential feed inlet, a vapor exhaust at one end 
thereof for removal of vaporized products of pyrolysis and a 
solids outlet at the opposed end thereof for removal of the 
particulate solid source of heat and carbon-containing solid 
product of pyrolysis; 

<b) quench means coupled in open receiving relation to 
eaid vapor exhaust outlet and including means for introduction of 
« hydrocarbon quench fluid for condensing at least a portion of 
the high temperature vapors received from the vapour exhaust 
outlet; 

(c) means connected to the quench means for fractional 
separation of condensate from the quench means; 

<d) means for receiving the particular solid source 
of heat and carbon-contai„in 7 solid products of pyrolysis. said 
means including means to at least partly fluidize the collected 
particles; 
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(e) first conduit means to transport the particulate 
solid source of heat and carbon-containing solid product of 
pyrolysis to the second inlet of the cyclone burner; 

(f) at least one cyclone burner having a tangential 
inlet for a gaseous source of oxygen, a second inlet inclined at 
an angle to the tangential inlet for the gaseous source of oxygen 
for receiving transported particulate solid source of heat and 
carbon containing solid product of pyrolysis, a flue gas outlet 
at one end thereof and an outlet for formed particulate solid 
source of heat at the base thereof; 

(g) receiving means to receive the particulate solid 
source of hec t from said cyclone burner; and 

(h) second conduit means to transport particulate 
solid source of heat from said receiving rutins to the second feed 
inlet of said cyclone separator- reactor* 

31* Apparatus as claimed in claim 30 in which means for 

fractional separation of the condensate from the quench means 
includes means to cycle a portion of a fractionally separated 
condensate as quench fluid to said quench means. 

32* A process for the pyrolysis of carbonaceous materials in 

which the carbonaceous material is primarily pyrolyzed by heat 
transferred thereto from a high temperature, particulate solid 
♦iree of heat to yield, as products of pyrolysis, a pyrolytic 
vapor containing hydrocarbons and a particulate carbon-containing 
solid residue, comprising: 

<a) tangentially introducing to and passing along a 
path formed by the curved inner surface of a cyclone reaction- 
separation zone ha zing a vapor outlet at one end and a solids 
outlet at the base thereof, a high velocity, high temperature 
stream of the particulate source of heat, while; 
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(b) introducing to the cyclone reaction-separation 
zone a low, velocity stream of carbonaceous material in a flow 
path substantially parallel to the flow path of the high velocity 
stream of the particulate source of heat, wherein the high 
velocity stream of the particulate source of heat serves to 
prevent carbonaceous material contacting and agglomerating on the 
inner surface of the cyclone reaction-separation zone, while; 

(c) introducing to the cyclone reaction-separation zone 
a low velocity, high temperature stream of the particulate solid 
source of heat at an angle inclined toward the path of travel of 
carbonaceous material to penetrant and initiate pyrolysis of the 
carbonaceous material, the introduced quantity of particulate 
source of heat in the low velocity and high velocity of streams 
being sufficient to raise the carbonaceous material to a pyrolysis 
temperature of at least about 600°F; and 

(d) separating a gaseous stream containing the pyrolytic 
vapor from a solids mixture including the particulate s'ilid source 
of heat and the carbon- con tailing solid residue by the formation 
of flow patterns of each by action of induced centrifugal forces. 

33. A process as claimed in claim 32 in which the pyrolysis 
time is less than about 3 seconds. 

34. A process as claimed in claim 32, in which the pyrolysis 
time is less than aboct 1 second. 

35. A process of claim 32 in which the pyrolysis temperature 
is from 900 to about 1400°F. 

36. The process of claim 32 in which the weight ratio of the 
particulate solid source of heat to carbonaceous material is from 
about 2 to about 20. 
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37* The process of claim 36 in which from about 10 to about 

50% by weight of the particulate source of heat is in the high 
velocity stream. 

38. The process of claim 36 in which from about 20 to about 
30% by weight of particulate source of heat is in the high 
velocity stream. 

39. The process of claim 32 in which from abojt 10 to about 
50% by weight of the particulate source of heat is in the high 
velocity stream. 

40. A process as claimed in claim 32 in which from about 20 
to about 30% by weight of the particulate source of heat ic in 
the high velocity stream. 

41. The process of claim 32 in which the introduction 
velocity of the high velocity stream of the particulate source 

of heat is greater than about 200 feet per second and up to about 
250 feet per second. 

42. A process as claimed in claim 32 in which the intro- 
duction velocity of the carbonaceous material is from about 100 
to about 200 feet per second. 

43. The process of clain 32 in which the introduction 
velocity of the low velocity stream of particulate source of 
heat is from about 100 to about 200 feet per second. 

44. The process of claim 32 in which the low velocity, high 
temperature stream of the particulate solid source of heat is 
introduced at an angle of from about 15 to about 40 degrees 
relative to the path of travel of the carbonaceous material. 

45. The process of claim 32 in which the low velocity, high 
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temperature stream of the particulate solid source of heat is 
introduced at an angle of from about 15 to about 25 degrees 
relative to the path of travel or the carbonaceous arterial. 

46, A process for the pyrolysis of coal, comprising: 

(a) tangeutially introducing to and passing along the 
path formed by the surface of a cyclone reaction-separation zone 
having a vapor outlet at one end and a solids outlet at the base 
thereof, a high velocity, high temperature stream of a particulate 
solid source of high containing char, while; 

(b) introducing into the cyclone reaction-separation 
zone a stream of coal in a flow path substantially parallel to 
the path of travel of the high velocity stream of the particulate 
source of heat, wherein the high velocity stream of the particulate 
source of heat serves to prevent coal from contacting and agglo- 
merating on the inner surface of the cyclone reaction-separation 
rone, while simultaneously; 

(c) introducing to the cyclone reaction-separation zone 
a low velocity, high temperature stream of a particulate solid 
source of heat containing char, wherein the low velocity stream 
of the particulate solid source of heat is introduced inclined at 
an angle of from about 15 to about 40 degrees toward the path of 
travel of the coal to penetrate and initiate pyrolysis of the coal 
to yield as products of pyrolysis in a pyrolysis time of less 
than about 3 seconds, char and a pyro lytic vapor containing hydro- 
carbons, wherein the quantity of the particulate source of heat is 
sufficient to yield a weight ratio of the particulate source of 
heat contained in both the high and low velocity streams to the 
coal of from about 2 to about 8, and where from about 50 to about 
90% of the particulate source of heat introduced to the cyclone 
reaction-separation zone is contained in the low velocity stream, 
and wherein the temperature of the particulate source of heat is 
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sufficient to raise the coal to a pyrolysis temperature of at 
least about 600°F; and 

(d) separating a gas stream containing pyrolytic vapor 
from a solids mixture including the particulate solid source of 
heat and the char formed by the pyrolysis of the coal by the 
formation of flow patterns of each by. action of induced centri- 
fugal forces. - 

47. The process of claim 46 in which the introduction velocity 
of the high velocity stream of the particulate source of heat is 
greater than about 200 feet per second and up to about 250 feet 
per second. 

48. A process as claimed in claim 46 in which the introduc- 
tion velocity of the coal is fram about 100 to about 200 feet per 
second. 

49. The process of claim 46 in which the introduction 
velocity of the low velocity stream of particulate solid source 
of heat is from about 100 to about 200 feet per second. 

50. A process as claimed in claim 46 in which the residue 
time of the carbonaceous material in the cyclone reaction-separa- 
tion tone is from about 0.01 to about 0.5 seconds. 

51. A process for the pyrolysis of a carbonaceous material, 
comprising: 

(a) tangentially introducing to and passing along the 
path formed by the surface of a cyclone reaction-separation zone 
having a vpaor outlet at one end and a solids outlet at the base 
thereof a high velocity, a high temperature stream of a particulate 
solid source of heat, wherein the stream has an introduction 
velocity greater than about 200 feet per second and up to about 
250 feet per second; 
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(b) introducing into the cyclone reaction-separation 
zone a stream of carbonaceous material having a velocity of from 
about 100 to about 200 feet per second adjacent to and in a flow 
path substantially parallel to the introduction path of travel 
of the high velocity stream of the particulate source of heat, 
wherein the high velocity stream of the particulate source of 
heat prevents the carbonaceous material from contacting the inner 
surface of the cyclone reaction-separation zone; 

(c) introducing to the cyclone reaction-separation zone 
* low velocity, high temperature stream of a particulate solid 
source of heat and having a velocity of from about 100 to about 
200 feet per second, wherein the low velocity stream of the 
particulate source of heat is introduced inclined at an angle of 
from about 15 to about 25 degrees toward the path of travel of the 
carbonaceous material to penetrate and initiate pyrolysis of the 
carbonaceous material to yield, as products of pyrolysi. within a 
pyrolysis time of less than about 3 seconds, a carbon-containin, 
solid residue and a pyrolytic vapor containing hydrocarbons, 
wherein the quantity of the particulate source of heat is 
sufficient to yield a weight ratio of the particulate source of 
heat contained in both the high and low velocity streams to the 
carbonaceous material of .rom about 2 to about 20 and where from 
about 70 to about 80% of the particulate source of heat introduced 
to the cyclone reaction-separation zone is contained in the low 
velocity stream, and wherein the temperature of the particulate 
aource of heat is sufficient to raise the carbonaceous material 
to a pyrolysis temperature of from about 900°F to about 1400°F. 
while simultaneously; 

(d) separating a gas stream containing pyrolytic vapor, 
from a .olid, mixture including th t particulate solid source of 
heat and ti., carbon containing solid residue formed by the 
Pyrolysi. of the carbonaceous material by the formation of flow 
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patterns of each by the action of centrifugal forces induced. 

52. An apparatus for pyrolysis of a carbonaceous material in 

the presence of a particulate source of heat which comprrses a 
high temperature cyclone separator-reactor having a tangential 
first feed inlet for a low velocity stream of carbonaceous 
material, and a second feed inlet for a low velocity stream of. 
the particulate source of heat at an angle inclined to the 
tangential feed inlets, a vapor exhaust at one end of the cyclone 
separator- reactor for removal of vaporized products of pyrolysis 
and a solids outlet at the opposed end thereof for removal of 
the particulate solid source of heat and carbon-containing solid 
products of pyrolysis. 

53 • An apparatus for pyrolysis of a carbonaceous material in 

the presence of a particulate source of heat which comprises a 
high temperature cyclone separator- reactor having a tangential 
first feed inlet for a low velocity stream of carbonaceous 
material, and a second feed inlet for a low velocity stream of 
the particulate source of heat at an angle inclined to the 
tangential feed inlets, and a tangential third feed inlet for a 
high velocity stream of the particulate source of heat defining a 
flow path substantially parallel to the flow path defined by the 
first inlet, a vapor exhaust at one end of the cyclone separator- 
reactor for removal of vaporized products of pyrolysis and a 
solids outlet at the opposed end thereof for removal of the 
particulate solid source of heat and carbon -containing solid 
products of pyrolysis. 

54. An apparatus as claimed in claim 52 in which the second 

feed inlet is inclined at an angle of from about 15 to about 40 
degrees to the first and second inlets. 
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55, An apparatus as claimed in claim 52 in which the second 
feed inlet is inclined at an angle from about 15 to about 25 
degrees to the first and third inlets, 

56. An apparatus as claimed in claim 51 in which the first 
and thiru feed inlets are adjacent. 



SMART t BIGGAR 
OTTAWA, CANADA 

PATENT AGENTS 



45 $ 



1108545 
2-1 




